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© Polyolefin resin foamed laminate sheet and double-side vacuum forming of the same. 


© A foamed laminate sheet suitable for thermoforming and a double-side vacuum forming process using the 
same are disclosed, said foamed laminate sheet being composed of a foamed interlayer comprising a polyolefin 
resin as a main resinous component and from 0.5 to 35 parts by weight of an inorganic filler per 100 parts by 
weight of the polyolefin resin, said foamed interlayer having a density of from 0.18 to 0.98 g/cm 3 , and a 
£j! polyolefin film laminated on both sides of said foamed interlayer. The foamed laminate sheet exhibits excellent 
" formability, and formings obtained therefrom have excellent heat resistance, oil resistance, heat insulating 
CD properties, and strength, withoutstanding use in a microwave oven or as a retort food container. 
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POLYOLEFIN RESIN FOAMED LAMINATE SHEET AND DOUBLE-SIDE VACUUM FORMING OF THE SAME 

FIELD OF THE INVENTION 


This invention relates to a foamed laminate sheet suited for thermoforming, particularly double-side 
5 vacuum forming, comprising a foamed interlayer composed mainly of a polyolefin resin and a polyolefin film 
laminated on both side thereof. It also relates to a process of double-side vacuum forming using such a 
foamed laminate sheet in which a relatively cheap polypropylene resin is used to provide heat resistant, oil 
resistant and thermally insulating food containers with high strength which can be used in a microwave oven 
or as a retort food container. 


BACKGROUND OF THE INVENTION 


75 Known processes for obtaining containers and trays from a thermoplastic resin foamed sheet include a 
so-called single side vacuum forming technique in which a foamed sheet is heated to cause post-expansion 
and softening and the foamed sheet is vacuum-formed by the use of a female mold or a male mold to 
shape it in a desired formed article. However, the foamed sheet decreases with time and also scatters with 
changes of conditions of preparation of the sheet. Therefore, formings obtained by this process have a 

20 scattering thickness, which leads to insufficient strength or poor fitness when piled up, thus resulting in 
reduced yield of non-defectives. 

In order to solve the problems associated with single-side vacuum forming, double-side vacuum forming 
of thermoplastic resin foamed sheets has been developed as disclosed in JP-B-59-1184 and JP-A-60- 
192615 (the term "JP-B" as used herein means an "examined published Japanese patent application" and 

25 the term "JP-A" means an "unexamined published Japanese patent application"), in which a pair of forming 
molds with a prescribed gap therebetween and having a clamping frame at the periphery thereof are used, 
the male mold being set at 50 to 60 * C, a heated and plasticized thermoplastic resin foamed sheet is 
clamped between the male and female molds, the gap is evacuated from the both molds to thereby 
adibatically expand the sheet to the full of the gap to give a prescribed shape, the formed sheet is cooled, a 

30 gas is introduced into the mold cavity to raise the pressure to atmospheric pressure, the molds are opened, 
and the formed article is removed. The above-cited references describe that the double-side vacuum 
forming technique produces formings from a foamed sheet of a thermoplastic resin, such as polystyrene 
and polymers mainly comprising styrene, or a foamed laminate sheet composed of such a foamed sheet 
and a thermoplastic resin film. 

35 However, the formings obtained by double-side vacuum forming of foamed sheets of polystyrene or 
thermoplastic resins mainly comprising styrene are inferior in oil resistance, heat resistance, appearance, 
and hinge effect as compared with those obtained from foamed sheets of polyolefin resins, such as 
polypropylene and polyethylene. 

On the other hand, a foaming compound of a polyolefin resin, particularly polypropylene, dissipates 

40 blowing gas from the surface thereof on extrusion foaming and. as a result, a foamed sheet has low 
postexpandability, thus failing to provide formings having a desired extent of expansion. 

SUMMARY OF THE INVENTION 

45 

One object of this invention is to eliminate the above-described disadvantages and to provide a 
polyolefin resin foamed laminate sheet which can provide 'ormings, such as food containers and trays, 
excellent in heat resistance, oil resistance, thermal insulating properties, and strength. 
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A stiil further object of tn;s invention is to orcvide a polyo-efin 'esin 'caned laminate sheet containing 
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an inorganic filler for improving formabtlity. 

It has now been found that the above objects of this invention can be accomplished by a poiyolefin 
resin foamed laminate sheet suitable for thermoforming, which is composed of a foamed interiayer 
comprising 100 parts by weight of a poiyolefin resin and from 0.5 to 35 parts by weight of an inorganic 
5 filler, said foamed interiayer having a density of from 0.18 to 0.98 g/cm 3 , and a poiyolefin film laminated on 
both sides of said foamed interiayer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

70 

Figure 1 is a schematic cross section of a mold to be used for double-side vacuum forming. 
Figures 2-a to 2-d are cross sections illustrating the double-side vacuum forming process according 
to the present invention. 

75 Figure 3 is an outaway view of the container obtained by the forming process of the present 

invention. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

The interiayer of the poiyolefin resin foamed laminate sheet of the present invention is a foamed sheet 
comprising a poiyolefin resin as a main resinous component. The poiyolefin resin to be used includes 
polypropylene, polyethylene, polybutene, polymethylpentene, mixtures of these polymers, and olefin 

25 copolymers having an olefin content of at least 50% by weight, such as ethylene-vinyl acetate copolymers, 
ethylene-methacrylate copolymers, ethylene-propylene-terpolymers, and ethylene-propylene rubbers. 

Expandability of the interiayer can be improved by incorporating a polystyrene resin into the poiyolefin 
resin. The polystyrene resin which can be admixed with the poiyolefin resin inctudes polystyrene resins of 
genera! grade, as well as heat-resistant polystyrene resins such as a-methylstyrene copolymers, styrene- 

30 maleic anhydride copolymers, styrene-alkylmaleimide copolymers, styrene-methyl methacrylate 
copolymers, and a mixture of polystyrene and polyphenylene oxide. The poiyolefin resin is usually used in 
an amount of from 50 to 90 parts by weight per 100 parts by weight of the total resinous components. If the 
amount of the polystyrene resin exceeds 50 parts by weight, the heat resistance decreases. 

In order to facilitate blending of the poiyolefin resin and the polystyrene resin, the resin composition 

35 may further contain from about 2 to 30 parts by weight of a saturated thermoplastic elastomer, e.g., a 
saturated styrene-based thermoplastic elastomer, per 100 parts by weight of the total resinous components. 
Thus, the foamed interiayer can be lowered in density and improved in sheet appearance. 

In order to endow the foamed laminate sheet with formabtlity to shape, the resin composition for the 
foamed sheet contains from 0.5 to 35 parts by weight and preferably from 10 to 20 parts by weight of an 

40 inorganic filler per 100 parts by weight of the poiyolefin resin. Less than 0.5 part of the inorganic filler added 
would result in high degree of expansion but deteriorates appearance of the resulting formings. Amounts 
exceeding 35 parts result in deteriorated compatibility with the resinous components, failing to provide 
foamed laminate sheets of low density and satisfactory appearance. Addition of the inorganic filler brings 
about improvements in heat resistance and stiffness. 

45 The inorganic filler which can be used includes talc, titanium dioxide, clay, calcium carbonate, silica, 
alumina, glass powders, oyaishi, sand balloons, glass balloons, and inorganic fibers. In addition, metallic 
powders of aluminum, iron, zinc. etc. are also employable. The inorganic fillers can be used either 
individually or in combination of two or more thereof. Preferred of these fillers are talc, titanium dioxide, 
clay, silica and alumina each having a mean grain size of from 1 to 30 urn. 

so The poiyolefin film which can be laminated on both sides of the foamed interiayer is a film made of one 
or more than one of the above-described polyolefins. In particular, polypropylene film and a film made of a 
mixture of homopolypropylene and a propylene block copolymer are preferred. The poiyolefin film generally 
has a thickness of from 40 to 80 urn. 

For the purpose of preventing bubbling at the time of extrusion molding, and particularly bubbling often 
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The resin composition for the foamed mterlayer advantageously contains a small amount of an additive 
for improving compatibility between the resinous components and the inorganic powders, such as com- 
monly employed silane or titanium coupling agents, various surface active agents for improving disper- 
siblity, metallic soaps, polyhydric alcohols, and acid anhydrides. 

5 A blowing agent which can be used in the resin composition for the foamed interlayer includes those 
decomposable on heating to liberate N 2 or C0 2 and those which are gaseous or liquid at room temperature, 
e.g., N 2 , CO2, air, water, alcohols, propane, butane, pentane, trichloromonofluoromethane, dich- 
lorodifluoromethane, monochlorodifluoromethane. 1 ,2-dichlorotetrafluoroethane, l-chloro-1 ,1-difluoroethane, 
methyl chloride, and ethyl chloride. The heat-decomposable blowing agent is mixed with raw materials in 

to advance, and the blowing agent which is gaseous or liquid at room temperature is supplied to the middle of 
an extruder. 

The density of the foamed layer ranges from 0.18 to 0.98 g/cm 3 . If it is less than 0.18 g/cm 3 , a pattern 
of wavy lines is formed on extrusion foaming, and formings obtained from such foamed sheet surfer from 
poor appearance, deformation and poor stretchability. If it exceeds 0.98 g/cm 3 , the foamed layer exhibits 
is low post-expandability and is therefore of no use. 

The foamed layer comprising the polypropylene resin tends to have an open-cell structure owing to the 
inorganic filler. The degree of open cells can be expressed in terms of open-cell ratio as determined by 
means of an air pyenometer (ASTM D 2856). The open-cell ratio of the foamed layer is usually 30% or 
more. A foamed layer having an open-cell ratio of 60% or even more may be vacuum-formed owing to the 
20 poiyoiefin fiims as external layers. 
s^" Laminating of the foamed layer and the film layers can be carried out by usual laminating techniques, 
/ such as co-extrusion or adhesion. In the case of co-extrusion, the melt index of the resin composition for 
I the foamed layer and that of the resin composition for the laminating films should be adjusted appropriately. 
The formation of the foamed layer is generally carried out by the use of an extruder. More specifically, 
25 the resin composition is supplied to an extruder and heat-melted together with a blowing agent. The blowing 
agent may be supplied at the middle of the extruder and well kneaded into the resin composition. The 
temperature of the compound is adjusted to an extrusion temperature and fed to a die. Dies to be used 
include a coathanger die or T-die having a slot whose width is much larger than the thickness, and a ring 
die having a circular slot. In using the former die. the film extruded from the die is cooled with a roll. The 
30 draw ratio in the machine direction is controlled by adjusting the draw-off speed and stress. If desired, the 
draw ratio in the cross direction may be controlled by clamping the extruded film at both ends. In using the 
latter die, the tubular film extruded from the circular slot is drawn off along -a cylindrical drum while 
controlling the draw ratio in the machine direction or the cross direction by adjusting the draw-off speed or 
the drum diameter. 

35 It is desirable that the foamed laminate sheet of the present invention has a percent heat shrinkage as 
small as possible so as to have high retention of dimension after heat shrinkage. !t is also desirable that the 
shrinkage in the machine direction and that in the cross direction are substantially equal. For example, the 
foamed laminate sheet preferably has a percent retention of at least 50% and a residual dimension ratio of 
at least 0.7. The terminology "percent retention" as used herein means a percentage of the dimension after 

40 shrinkage to the original dimension in the machine or cross direction when the sheet is heated at 190* C for 
30 minutes. If the percent retention is less than 50%, the percent shrinkage on heating and softening 
becomes too great to make it difficult to form the sheet to shape. The terminology "residual dimension 
ratio" as used herein means a ratio of the shorter dimension after heat shrinkage in either the machine 
direction or the cross direction to the longer dimension in the other direction. If the residual dimension ratio 

45 ts less than 0.7, the sheet tends to have poor stretchability on forming and the resulting formings tend to 
have defective appearance. These criteria can be adjusted by controlling the amount of the inorganic filler 
or the ratio of poiyoiefin to polystyrene in the foamed layer, the size of a mold, and the like. 

It is possible to further laminate films of polyethylene terephthalate, polyphenylene oxide, nylon, 
polycarbonate, polyvinylidene chloride, polyvinyl alcohol, etc. on the foamed laminate sheet to add various 

so functions, such as gas barrier properties, stiffness, heat resistance, sealing properties, and the like. 

The foamed laminate sheet of the present invention is preferably formed by double-side vacuum 
forming. A forming tool to be used in the double-side vacuum forming is a pair of molds composed of a 
female mold and a male mold both having a number of vacuum ports for evacuation, each having a 
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transferred to the open space between the molds. At this time, the gap between the molds is desirably 1.0 
to 2.5 times, more desirably 2.0 times, the thickness of the heated and softened iammate sheet as stated 
above. This gap has an influence on strength of the resulting post-expanded and formed article. If it 
exceeds 2.5 times the thickness of the sheet, the degree of expansion becomes too high, resulting in 

5 extremely reduced bending strength. If it is less than 1.0 time, no^ contribution to improvement of bending 
strength can be obtained. The mold temperature is preferably 50* C or lower. In the previously described 
double-side vacuum forming of polystyrene resin sheets, the mold temperature is set at 50 to 60 C for 
evacuation from the mold surfaces to cause post-expansion and cooling. To the contrary, in the present 
invention in which the formabie sheet is composed of a foamed sheet of polyotefin resins, e.g., poly- 

io propylene, laminated on both sides thereof a polyolefin film, since polypropylene resins have a large 
specific heat and poor cooling efficiency, mold temperatures of 50* C or higher brings no increase of cycle 
speed but deformation of the laminate sheet. However, too a low mold temperature functions to cool the 
heated and softened sheet to lose plasticity, thus failing to achieve sufficient vacuum forming. From all 
these considerations, a suitable mold temperature ranges from about 35 to 45* C, The degree of vacuum in 

J5 the cavity is usually 500 mmHg vac. or more. 

Fig. 1 is a schematic cross section of a mold to be used for matched mold type double-side vacuum 
forming, in which numerals 1 , 2, 3, 21 and 31, and 22 and 32 are a foamed laminate sheet, a female mold, 
a male mold, vacuum ports, and conduits to a vacuum pump, respectively. 

The process of the vacuum forming according to the present invention will be explained with reference 

20 to Fig. 2. Foamed laminate sheet 1 composed of a polypropylene resin foamed interlayer having adhered a 
polypropylene film to both sides thereof is heated and softened at 300 " C tor 45 to 50 seconds by means ur 
a far infrared heater. The heated foamed sheet is transferred to the open space between a pair of molds 2, 
3 (Fig. 2-a). The molds used here are matching male and female molds. Female mold 2 is connected to a 
suction apparatus to perform straight vacuum forming (Fig. 2-b). The peripheries of the both molds are then 

25 matched (Fig. 2-c), and the cavity is evacuated from male mold 3 to cause expansion-in-moid to obtain a 
formed article 11 (Fig. 2-d). During the forming the mold temperature is kept at 50 "C or lower, preferably 
40 "C. After complete expansion, the pressure of the cavity is returned to atmospheric pressure, and the 
formed article 11 is removed from the molds. 

In modified embodiments, the peripheries of the molds are matched while pushing the laminate sheet 

30 by the male mold, and then the cavity is evacuated from both of the male and female molds. Alternatively, 
forming may be effected by drape vacuum forming using the male mold, followed by matching the molds at 
the peripheries, followed by evacuation from the female side. 

The present invention is now illustrated in greater detail by way of the following Examples in view of 
Comparative Examples, but it should be understood that the present invention is not deemed to be limited 

35 thereto. All the parts given are by weight unless otherwise indicated. 
Resin materials used in these examples are shown in Table 1. 
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EXAMPLE 1 

5 

A polymer mixture consisting of 40 parts of a polypropylene resin A, 30 parts of a polypropylene resin 
B, 25 parts of a polystyrene resin C, and 5 parts of a saturated thermoplastic elastomer G was uniformly 
mixed with 12.5 parts of talc as an inorganic filler in an extruder. To the resin composition was added 0.6% 

w by weight of butane (hereinafter abbreviated as "CO as a blowing agent and the resulting foaming 
compound was supplied to an extruder. Separately, 55 parts of a polypropylene resin H and 45 parts of a 
block polypropylene resin I were uniformly mixed in an extruder to prepare a film-forming resin. The above- 
prepared foaming compound and the film-forming resin were co-extruded to obtain a foamed laminate 
sheet. The extrusion of the foaming compound was carried out at a resin temperature of 203 "C and at an 

rs output ratio of 90 kg/hr. The resulting foamed laminate sheet had a thickness of 1290 am [50 am/1185 am 
(foamed interlayer)/55 am] and a basis weight of 608 g/m 2 [46/512 (foamed interlayer)/50 g/m 2 ], and the 
foamed mterlayer had a density of 0.41 g/cm 3 and an open cell ratio of 52%. 

A 100 mm-square piece was cut out of the foamed laminate sheet and heated in an oven at 1 90 " C for 
30 minutes. The residual dimension was 56 mm in the machine direction (MD) and 58 mm in the transverse 

20 direction (TD), giving a residual dimension ratio MD/TD of 0.97. The foamed laminate sheet had a smooth 
surface with no bubbles due to gas entrapment. 

The foamed laminate sheet as above produced was clamped at the four corners and heated and 
softened at 300 ' C for about 50 seconds by means of a far infrared heater. The sheet heated and softened 
had a thickness of about 1.2 mm. The sheet heated and softened was double-side vacuum formed into a 

25 container by using matched male and female molds. The female mold had a cavity size of 157x124 mm 
and a depth of 30 mm, and the gap without clamping of the sheet between the male and female molds was 
1 .5 mm at the bottom part and 1 .0 mm at the upright part. The sheet was first subjected to straight vacuum 
forming using the female mold set at 40 " C. After the periphery of the female mold was matched with the 
periphery of the male mold also set at 40* C, the cavity was evacuated from the vacuum ports provided in 

jo both molds to a reduced pressure of 550 mmHg vac. for a matching time of 10 seconds to effect double- 
side vacuum forming. The sheet exhibited satisfactory formability. 

The resulting focmed container had a shape as shown in Fig. 3 and a thickness of 1.8 mm at the bottom 
part and 1.2 mm at the upright part and a dimension (exciuding the grip parts) of 157 mm in length, 124 
mm in width and 30 mm in depth. 

35 The tray had a density of 0.33 g/cm 3 . When it was heated in a Geer oven set at 130* C for 30 minutes, 
the dimensional change was within 2%, proving of excellent heat resistance of the tray. These results are 
shown in Table 2. 


40 EXAMPLES 2 TO 16 


A foamed laminate sheet was produced in the same manner as in Example 1, except for changing the 
composition of the foaming compound for the foamed interlayer and the composition of the fifm-forming 
45 resin material as shown in Table 2. The properties of the foamed laminate sheet and formability in double- 
side vacuum forming as carried out in the same manner as in Example 1 are shown in Table 2. 

In Example 15, polyethylene terephthalate films were coated on the both sides of a foamed layer in a 
separate step; in Example 16, a polypropylene/polyvinylidene chloride/polypropylene laminate film was 
laminated on one side of a film/foamed layer/film foamed laminate sheet in a separate step; and in Example 
so 14, forming was carried out by use of a far infrared heater of 180° C for about 50 seconds. 

The abbreviate "H.C" for the blowing agent used in Examples 9 and 10 signifies Hydrocellol® (a 
mixture of sodium bicarbonate and citric acid, made by Beringer AG). 
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20 


25 


30 


35 


40 


45 


(Appearance of Sheet) 

Excellent: The smoothness was very good. 

Good: The smoothness was good. 

Poor: The surface was uneven. 

(Bubble) 

Good: No bubble was present* 

Poor: Bubbling occurred between the foamed 

layer and the film. 
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COMPARATIVE EXAMPLES 1 AND 2 


A foamed laminate sheet was produced in the same manner as in Example 1, except for using the 
inorganic filler in an amount less than (Comparative Example 1) or more than (Comparative Example 2) the 
range specified in the present invention. The properties of the resulting foamed laminate sheets and their 
formabiiity m double-side vacuum forming as carried out in the same manner as in Example 1 are shown in 
Table 2. 

In Comparative Example 1 wherein the amount of talc as the filler was less than 0.5 part, both of the 
appearance of sheet and the appearance of formed article were not satisfactory. 

In Comparative Example 2 wherein the amount of talc as the filler exceeded 35 parts, not only both of 
the appearance of sheet and the appearance of formed article were not satisfactory, but bubbling between 
the foamed layer and the film occurred. 
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As described above, since the polyoiefin resin foamed laminate sheet according to this invention is 
incorporated with an inorganic filler, its formability is satisfactory. Further, since films are laminated on the 
both sides of a foamed interlayer. it is suitable for double-side vacuum forming. 
5 Furthermore, formed articles produced by forming the polyoiefin resin foamed laminate sheet according 
to this invention exhibit superior heat resistance and oil resistance and can be used as a heat resistant food 
container capable of withstanding use in a microwave oven or as a retort food container. However, the 
foamed interlayer composed mainly of a polyethylene resin does not have heat resistance to heating by use 
of a microwave oven. Further, this heat resistant food container is good in thermal insulation due to the 
10 presence of a foamed interlayer, it exhibits an advantage that it can be handed directly after heating in a 
microwave oven to thereby make a food contained therein difficult to cool. 

Moreover, since forming losses of the foamed laminate sheet of this invention and containers after the 
use can be incorporated into the resin for the foamed interlayer, wastes such as forming losses and 
containers after the use can be effectively reused. This means that the foamed laminate sheet of this 
75 invention or formed articles therefrom can be inexpensively provided. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

20 

Claims 

1. A foamed laminate sheet suitable for thermoforming, which is composed of a foamed interlayer 
comprising a polyoiefin resin as a main resinous component and from 0.5 to 35 parts by weight of an 

25 inorganic filler per 100 parts by weight of the polyoiefin resin, said foamed interlayer having a density of 
from 0.18 to 0.98 g/cm 3 , and a polyoiefin film laminated on both sides of said foamed interlayer. 

2. A foamed laminate sheet as claimed in claim 1, wherein said polyoiefin resin is a polypropylene 
resin. 

3. A foamed laminate sheet as claimed in claim 1, wherein said foamed interlayer further comprises a 
30 polystyrene resin. 

4. A foamed laminate sheet as claimed in claim 3, wherein said foamed interlayer further comprises 
from 2 to 30 parts by weight of a saturated thermoplastic elastomer per 100 parts by weight of the total 
resinous components. 

5. A foamed laminate sheet as claimed in claim 1, wherein said inorganic filler is present in an amount 
35 of from 10 to 20 parts by weight per 100 parts by weight of the polyoiefin resin. 

6. A foamed laminate sheet as claimed in claim 1, wherein said polyoiefin film contains from 0.5 to 10 
parts by weight of an inorganic filler per 100 parts by weight of the polyoiefin. 

7. A process of double-side vacuum forming of a polyoiefin resin foamed laminate sheet by using male 
and female molds, in which a foamed laminate sheet composed of a polyoiefin resin foamed interlayer 

40 having a density of from 0.18 to 0.98 g/cm 3 and a polyoiefin film laminated on both sides of said interlayer 
is vacuum-formed between the male and female molds having a gap therebetween, said gap being from 1.0 
to 2.5 times the thickness of the foamed laminate sheet heated and softened. 

8. A process of double-side vacuum forming as claimed in claim 7, wherein said foamed interlayer 
comprises 100 parts by weight of a polyoiefin resin and from 0.5 to 35 parts by weight of an inorganic filler. 

45 9. A process of double-side vacuum forming as claimed in claim 7, wherein said male and female 
molds are set at a temperature of 50* C or lower. 

10. A formed article obtained by double-side vacuum forming of a polyoiefin resin foamed laminate 
sheet by using male and female molds, in which a foamed laminate sheet composed of a polyoiefin resin 
foamed interlayer having a density of from 0.18 to 0.98 g/cm 3 and a polyoiefin film laminated on both sides 

50 of said interlayer is vacuum-formed between the male and female molds having a gap therebetween, said 
gap being from 1.0 to 2.5 times the thickness of the foamed laminate sheet heated and softened. 

1 1. A formed article as claimed in claim 10, wherein said polyoiefin resin is a polypropylene resin. 


17 


EP 0 344 726 A2 



EP 0 344 726 A2 


FIG .2 


»M^uveIfernent c'e.oose 


(a) 


(b) 


4- 



V 



2 



